This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Problem Image Mailbox. 



PCX 

INTERNATIONAL APPLICATION PUB USHED under" "^E PATENT COOPERATION TREATY (PCT) 



WORLD INTELLECTUAL PROPERTV ORGANIZATION 
inicmauonaj Bureau 




I (51) International Potent ClasslflcaUon * 
F01N3/2S 



Al 



(11) International Publication Number: WO 96/27078 

(43) International Publication Date: 6 September 1996 (06.09.96) 



(21) International Application Number: PCT/SE9670O247 
I (22) International ™ng Date: 27 February 1996 (27.02.96) 



(30) Priority Data: 
9500745-0 



1 March 1995 (01.03.95) 



SE 



(71) Applicant (for all designated States except US); AB VOLVO 
! [SE/SE]; S-405 08 Goteborg (SE). 

(72) Inventors; and 

(73) Inventors^pplicaiits (for US only): OOTTBERG. Ihgcmar 
[SE/SE]; Kaprifolgatan 43, S-421 69 Vflstra FrOlunda (SE) 
WEBER. Kurt [SE/SE]; Synnerod 9705. S-442 94 Ytterby 
(SE). 

(74) Agents: GRAUDUMS. Valdis et al.; Albihn West AB P O 
Box 142, S-401 22 Goteborg (SE). 



(81) Designated States: JP, US. European patent (AT. BE CH DE 
DK. ES, FR, GB, GR. IE. IT. LU. MC. NL. PT. SE). ' 

Published 

With international search report. 

In English translation (filed in Swedish). 



(54) Title: DEVICE FOR CATALYTIC PURIFICATION OF EXHAUST GASES 




I (57) Abstract 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


CB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Auunlii 


GN 


Guinea 


KE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 




NO 




BF 


Burkina Fmo 


IS 


bxlaod* 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


baJy 


PL 


Poland 


BJ 


Beam 


JP 


Japan 


PT 


Portugal 


BR 


BnxO 


KE 


Kenya 


RO 


Romania 


BY 


Be Una 


KG 


Kyrgystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People '• Republic 


SD 


Sudan 


CF 


Com! African Republic 




of Knee* 


SE 


Sweden 


CC 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


a 


Cfitc d' I voire 


U 


Liechtenstein 


SK 


Slovakia 


CM 




LIC 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


CS 


Czcchoalovakia 


LT 




TD 


Chad 


cz 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germany 
Denmark 


LV 


Latvia 


TJ 


Tajikistan 


DK 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spam 


MG 


Madagascar 


UG 


Uganda 


n 


Finland 


ML 


Mali 


US 


United State* of America 


FR 




MN 


Mongolia 


UZ 


Uzbekistan 


CA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



W ° 96/27078 PCT/SE96/00247 
DEVICE FOR CATALYTIC PURIFICATION OF EXHAUST OASES 

Technical field 

The present invention relates to a catalytic exhaust gas 
purification arrangement according to the preamble of 
appended claim 1. 

State of the art: 

Catalytic exhaust gas purifiers are often used in 
connection with motor vehicles in order to purify the 
exhaust gases from the vehicle's engine. However, present 
catalytic converters (catalysers) are not able to operate 
at full purification efficiency in connection with cold- 
starting of a vehicle. This problem can be overcome by 
- arranging an additional, electrically-heatable start 
catalyser in front of the ordinary catalyser. By heating up 
the start catalyser electrically, the warm-up time for the 
ordinary catalyser can be shortened, which results in 
improved purification efficiency during cold starts. Such 
a catalyser arrangement is known from the patent document 
WO 89/10470. 

A problem which occurs in connection with an electrically- 
heatable start catalyser is that it requires a powerful 
electrical supply in order to be activated. This can for 
example be achieved by arranging an additional battery in 
the vehicle, which is however "unnecessarily expensive and 
complicated. It is therefore desirable to have a catalyser 
arrangement which is not dependent on an electrical supply, 
but which still produces a shortening of the main 
catalyser's ''ignition" time (the so-called "light-off" 
time), i.e. the time which elapses from starting the engine 
until the catalyser is working at optimal purification 
efficiency. This should, in such a case, result in improved 
purification efficiency of the entire catalyser 
arrangement. 
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In connection with conventional catalysers, there is an 
additional problem in that the incoming exhaust gases 
impinge directly onto the catalyser. This produces a 
turbulent flow immediately in front of the catalyser, which 
5 leads to inefficient operation of the catalyser as well as 

a comparatively high back-pressure, which is a disadvantage 
compounding the reduction in the efficiency of the 
catalyser. One way of solving this problem is to direct the 
exhaust gases at an angle to the catalyser, for instance in 
10 accordance with the disclosure in the patent document EP 

420462. This arrangement however presents a disadvantage in 
that it has relatively poor flow characteristics, since not 
only the inlet but also the outlet are angled with respect 
to the catalyser. 

15 

Summary of the invention: 

A main object of the present invention is to solve the 
aforementioned problems and provide an improved arrangement 
for catalytic exhaust gas purification, in particular for 
20 shortening the light-off time of such an arrangement. This 

is achieved with an arrangement of the type mentioned in 
the introduction, the characterising features of which are 
defined in appended claim 1. 

25 By arranging a relatively small first catalyser upstream of 

the ordinary catalyser and by letting the exhaust gases be 
incident at an angle to this first catalyser, an effective 
purification effect of the entire catalyser arrangement is 
achieved . 
30 

An additional object of the invention is to achieve a 
correct measurement of the conversion efficiency of the 
aforementioned catalyser arrangement, in order to provide 
information for a diagnosis of its operation. This allows 
35 an indication, e.g. in the form of a warning light, which 
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warns the vehicle driver that the catalyser is defective 
and has to be replaced. 

Brief description of the figures: 

The invention will now be described in more detail with 
reference to the accompanying figures, in which 

Fig* * is a side view of an arrangement 

according to a preferred embodiment of 
the present invention, 

Fig. 2 is a view from above of the 

arrangement according to Fig. 1, 

15 Fig. 3 is a cross-sectional view along line 

A-A in Fig. 2, 

Fig. 4 is an enlarged partial view which 

shows a portion of the arrangement 
20 according to Fig. 1, 

Fig. 5 is" a side view of an alternative 

embodiment of the invention, 

25 Fig. 6 is a side view of an arrangement which 

is similar to that- in Fig. 1, but 
which has been provided with lambda 
sensors for diagnosing the operation 
of the catalyser arrangement, 



30 



Fig. 7 is a somewhat enlarged view, seen from 

above, of a further embodiment of the 
invention, and 



35 



Fig. 8 



is a cross-sectional view along the 
line B-B in Fig. 7. 
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Description of preferred embodiments: 

Fig. 1 shows a side view of an arrangement in accordance 
with the present invention. According to a preferred 
embodiment, the arrangement comprises a catalytic exhaust 
gas purifier with a first monolithic catalyser unit 1. 
Downstream of the first catalyser 1 there is a main 
catalyser which is constituted by a second monolithic 
catalyser 2 and a third monolithic catalyser 3. 

The first catalyser 1 is preferably constituted by a 
metallic catalyser which has a circular cross-section with 
about 98 mm diameter and a length of between 74 and 90 mm, 
as well as a cell density of the order of 200 cpsi (cells 
per square inch) . A metallic catalyser has the advantage 
that it has a considerably larger catalytic active area 
than a ceramic catalyser. Another advantage is that the 
energy is transported quickly from this to the second 
catalyser 2. The second catalyser 2 and the third catalyser 
3 are preferably constituted by similar ceramic catalysers 
of the monolithic, three-way catalyser type. Other types of 
catalysers are also possible. The two catalysers 2, 3 are 
formed so that their size and cell-density are 
substantially the same, whilst other parameters such as 
length and type of catalytic coating can be different. 



An inlet channel 4 is arranged upstream of the first 
catalyser 1. The exhaust gases flow through the inlet 
channel 4 from a combustion engine of conventional type 
(not shown). The part of the inlet channel 4 which lies 
closest to the first catalyser 1 is somewhat widened, which 
; gives an optimal flow of the exhaust gases through the 
inlet channel 4. The inlet channel 4 presents an angle with 
respect to the longitudinal direction of the catalysers 1, 
2, 3, which lies between 10° - 40 \ preferably about 20'. 
35 The complete arrangement is enclosed in a common casing 5 

of metal. The arrangement also includes an outlet channel 
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6, through which the exhaust gases flow when they have 
passed through all of the catalysers 1, 2, 3. The outlet 
channel 6 is preferably formed as a straight, relatively 
long conical section. This arrangement is advantageous with 
5 respect to the flow characteristics of the exhaust gases at 

the outlet of the catalyser arrangement. 

Fig. 2 shows a view from above of the arrangement according 
to the invention. From this figure, as well as from figure 
10 3 which is a cross-sectional view along the section A -A in 

figure 2, it is clear that the second catalyser 2 and the 
third catalyser 3 have a substantially oval cross-section. 

The complete function of the catalyser arrangement will now 
15 be described. The first catalyser 1 has a considerably 

smaller cross-sectional area than the second and third 
catalysers 2, 3. The ratio between the size of the cross- 
sectional area of the first catalyser 1 and the second 
catalyser 2 is between 0.5:3 - 2.9:3, preferably 2:3. The 
20 first catalyser 1 also has a relatively small volume. This 

means that it is heated up relatively quickly due to the 
heat from the exhaust gases and the heat from the catalytic 
reaction in the catalyser 1. Thus a catalytic reaction will 
be started up quickly in the first catalyser 1. 

25 

Since the cross-sectional area of the first catalyser; 1 is 
less than the cross-sectional area of the following second 
catalyser 2, the exothermic heat of the exhaust gas flow 
out of the first catalyser 1 will be concentrated to a 

30 certain portion in the second catalyser 2. This means, in 

turn, that a particular central part of the second 
catalyser 2 will be heated up relatively quickly, whereby 
the catalytic reaction can also start more quickly in the 
second catalyser 2. The second catalyser 2 is a ceramic 

35 catalyser which has a lower thermal conductivity than the 

first catalyser 1 which is a metallic catalyser. This 
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contributes to an efficient operation of the entire 
catalyser arrangement. 

As can be seen in figures 1 and 2, the inlet channel 4 is 
5 angled with respect to the longitudinal axis of symmetry of 

the first catalyser 1. This means that the cross-sectional 
area through the inlet channel 4 is less than the cross- 
sectional area for the frontal surface of the first 
catalyser 1, onto which the exhaust gases are incident. In 
10 this way, a turbulent flow in front of the first catalyser 

1 is avoided and instead a laminar flow of the exhaust 
gases through the inlet channel 4 is obtained up until they 
reach the first catalyser 1. 

15 When the flowing exhaust gases reach the first catalyser 1 

they will "collide" with the walls in the catalyser 1. This 
process is shown in figure 4 which is an enlarged partial 
view of a portion of the inlet channel 4 and the first 
catalyser 1. The first catalyser 1 is, in a known manner, 
20 formed with a number of longitudinal channels, of which 

three channels 7, 8 , 9, are shown in figure 4. According to 
the embodiment, the channels 7, 8, 9 are substantially 
straight, i.e. they follow the longitudinal direction of 
the catalyser 1, but they can also have another form, e.g. 
25 a curved shape or a zig-zag shape. The exhaust gas flow is 

shown schematically with arrows 10, 11, and 12 
respectively. The exhaust gas stream/flow, as mentioned 
above, has a laminar flow through the inlet channel 4. When 
the exhaust gas flow is incident on the channels 7, 8, 9, 
30 the laminar flow effectively goes through a transition to 

a turbulent flow. This is indicated in figure 4 with 
"turbulent" flow lines 13, 14 and 15. The transition from 
laminar to turbulent flow occurs as a result of the inlet 
channel 4 being angled, both in the height direction and 
35 the sideways direction, with respect to the longitudinal 

direction of the first catalyser 1. The turbulent flow 
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gives rise to a rapid heating of the first catalyser 1, due 
to which its catalytic reaction can start quickly. 

Further downstream in the first catalyser 1, the turbulent 
5 flow again goes through a transition to a laminar flow. 

Fig. 5 shows a side view of an alternative embodiment of 
the invention. As in the aforementioned embodiment, it 
comprises a comparatively small first catalyser 1 and a 

10 main catalyser comprising a second catalyser 2 and a third 

catalyser 3. Additionally it comprises an inlet channel 4 
which is slanted with respect to the first catalyser 1. In 
this way, a zone having turbulent flow is obtained at the 
inlet to the first catalyser 1, similar to that which has 

15 been described above. This alternative embodiment also 

comprises a casing 5 with an intermediate portion 16 which 
is arranged between the first catalyser 1 and the second 
catalyser 2. The first catalyser 1 is somewhat slanted with 
respect to the intermediate portion 16, i.e. the 

20 longitudinal axis of symmetry of the first catalyser 1 

forms an angle to the longitudinal axis of symmetry of the 
intermediate portion' 16. Additionally the intermediate 
portion 16 is formed so that its longitudinal axis of 
symmetry forms an angle to the longitudinal axis of 

25 symmetry of the second catalyser 2. In this way, a zone 

. with turbulent flow is also formed at the inlet to the 
second catalyser 2. This assists in giving an increased 
efficiency of the entire catalyser arrangement by the 
second catalyser 2 having a shorter light-off time. 

■ Figure 6 is a side view of a further embodiment of the 
invention which is similar, to that shown in Fig. 1 but 
which further comprises two lambda sensors 17, 18 which can 
be used for . measuring the degree of conversion of the 
35 catalyser arrangement. A lambda sensor is a type of sensor 

which produces an electrical signal which varies with the 
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oxygen content of the exhaust gases. A first lambda sensor 
17 is arranged in front of the first catalyser 1 and a 
second lambda sensor is arranged after the third catalyser 
3. 

5 

Both of the lambda sensors 17, 18 are also connected to an 
analyzer unit (not shown) which, on the basis of the 
signals from the lambda sensors 17, 18, can calculate a 
value of the degree of conversion of the catalyser 

10 arrangement, i.e. its purification ability. In the case 

that the analysis unit decides that the purification 
ability of the catalyser arrangement is much too low, an 
alarm signal can be activated. Such a signal can be 
constituted by e.g. a warning light on the motor vehicle's 

15 instrument panel. The driver of the vehicle can thus be 

made aware that the catalyser arrangement needs to be 
replaced. 

A special problem can arise if the catalytic active coating 

20 of the catalysers has a high oxygen storage capacity, which 

can sometimes be the case with modern catalysers. This 
leads to the following problem arising during a diagnosis . 
with the aid of the lambda sensors 17, 18. If the second 
lambda sensor 18 is placed in the outlet channel 6 (see 

25 figure 6), and the catalysers 1, 2, 3 arranged upstream 

have a high oxygen storage capacity, only a small amount of 
oxygen will be available at the second lambda sensor 18. 
This means that the signal from the second lambda sensor 18 
becomes unstable and can vary greatly. In the worst case, 

30 the signal can be interpreted by the analyzer unit as being 

a signal indicating a malfunctioning catalyser. In order to 
solve this problem, the second lambda sensor 18 can be 
arranged in another place than after the third catalyser 3, 
e.g. between the first catalyser 1 and the second catalyser 

35 2 or between the second catalyser 2 and the third catalyser 

3. In this way, reliable measurements can be Obtained. 
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In the case that it is wished to place the second lambda 
sensor 18 as close as possible downstream of the first 
catalyser 1, problems can arise concerning the space which 
is available in the vehicle. In order to solve this 
problem, the first catalyser 1 can be arranged somewhat 
displaced in the sideways direction, i.e. with respect to 
the symmetrical longitudinal axis of the second catalyser 
2. This arrangement is shown in figure 7. 

The function of the arrangement is ensured as long as the 
first catalyser 1 is not displaced further out to the side 
than that its outlet flow ends up inside the oval cross- 
section of the second catalyser 2. Figure 8, which shows a 
cross-section along line B-B in figure 7 , defines a 
possible placement of the first catalyser 1 with respect to 
the second catalyser 2. 

What is stated above concerning the arrangement of the 
lambda sensors 17, 18, can of course also be applied in 
connection with the embodiment which is shown in figure 5. 

The invention is not limited to the embodiments described 
above, but can be varied within the scope of the appended 
claims. For example, different types of catalyser can be 
used. Moreover the catalysers 1, 2, 3 can have different 
dimensions and shapes. 

The main catalyser can be constituted by a single catalyser 
instead of the two above-mentioned catalysers 2 and 3. 
Moreover, the first catalyser 1 can be combined with a so- 
called HC-trap or an electrically heatable catalyser, e.g. 
an electrical start-catalyser or a gas burner. In this way, 
an additional improvement of the purification efficiency 
can be achieved. 
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CLAIMS 

5 

1- Arrangement for catalytic purification 

of exhaust gases, comprising an inlet channel (4) for 
su PPlying exhaust gases to a first catalyser unit (1) and 
further to a second catalyser unit (2, 3) arranged 

10 downstream of the first catalyser unit (1), characterized 

in that the cross-sectional area of the first catalyser 
unit (1) is less than the cross-sectional area of the 
second catalyser unit (2), and in that the inlet channel 
(4) has an extent which is slanted with respect to the 

15 longitudinal direction of at least the first catalyser unit 

(1). 

2. Arrangement according to claim 1, 
characterized in that the second catalyser unit (2, 3) 

20 presents a substantially oval cross-section. 

3. Arrangement according to claim 1 or 2, 
characterized in that the first catalyser unit (1) presents 
a substantially circular cross-section. 

25 

4. Arrangement according to any one of the 
preceding claims, characterized in that the ratio between 
the sizes of the cross-sectional areas of the first 
catalyser unit (1) and the second catalyser unit (2) is 

30 between 0.5:3 - 2.9:3, preferably 2:3. 

5. Arrangement according to any one of the 
preceding claims, characterized in that the first catalyser 
(1) is so arranged that the channels (7, 8, 9) have a 

35 , longitudinal direction which substantially coincides with 
• the longitudinal direction of the extent of the second 
catalyser unit (2, 3). 



6. Arrangement according to any one of the 

4 0 preceding claims, characterized in that a first lambda 
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sensor (17) is arranged upstream of the first catalyser 
unit (1), and in that a second lambda sensor (18) is 
arranged downstream of the first catalyser unit (1). 

5 7. Arrangement according to any one of the 

preceding claims, characterized in that said first 
catalyser unit (1) has an extent, the longitudinal axis of 
symmetry of which is displaced in the sideways direction 
with respect to the longitudinal axis of symmetry of the 
10 second catalyser unit (2, 3). 

B. Arrangement according to any one of the 

preceding claims, characterized in that the inlet channel 
(4) presents an angle with respect to the longitudinal 
15 direction of the catalyser units (1, 2, 3), which lies 

between 10" - 40" , preferably about 20*. 
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